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Abstract
Background: Inappropriate antibiotic use is implicated in antibiotic resistance and resultant morbidity and mortality.
Overuse is particularly prevalent for outpatient respiratory infections, and perceived patient expectations likely contribute.
Thus, various educational programs have been implemented to educate the public.
Methods: We systematically identified public-directed interventions to promote antibiotic awareness in the United
States. PubMed, Google Scholar, Embase, CINAHL, and Scopus were queried for articles published from January 1996
through January 2016. Two investigators independently assessed titles and abstracts of retrieved articles for subsequent
full-text review. References of selected articles and three review articles were likewise screened for inclusion. Identified
educational interventions were coded for target audience, content, distribution site, communication method, and
major outcomes.
Results: Our search yielded 1,106 articles; 34 met inclusion criteria. Due to overlap in interventions studied, 29 distinct
educational interventions were identified. Messages were primarily delivered in outpatient clinics (N = 24, 83%) and
community sites (N = 12, 41%). The majority included clinician education. Antibiotic prescription rates were assessed for
22 interventions (76%). Patient knowledge, attitudes, and beliefs (KAB) were assessed for 10 interventions (34%). Similar
rates of success between antibiotic prescription rates and patient KAB were reported (73 and 70%, respectively).
Patient interventions that did not include clinician education were successful to increase KAB but were not
shown to decrease antibiotic prescribing. Three interventions targeted reductions in Streptococcus pneumoniae
resistance; none were successful.
Conclusions: Messaging programs varied in their designs, and many were multifaceted in their approach. These
interventions can change patient perspectives regarding antibiotic use, though it is unclear if clinician education
is also necessary to reduce antibiotic prescribing. Further investigations are needed to determine the relative influence
of interventions focusing on patients and physicians and to determine whether these changes can influence rates of
antibiotic resistance long-term.
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Background
Antibiotic resistance is a worldwide threat fueled in large
part by the inappropriate use of antibiotics. According to
the Centers of Disease Control and Prevention (CDC),
over 2 million people are affected by antibiotic-resistant
infections in the United States each year. [1] Annually, at
least 23,000 people die as a direct result of these in-
fections. [1] The overuse of antibiotics is particularly
prevalent in outpatient settings. Antibiotics are prescribed
in approximately 10% of all ambulatory visits, most com-
monly for respiratory conditions. [2] Although justified in
some cases, antibiotics are overprescribed for respiratory
infections, which are mostly viral in nature. A major pro-
portion of these prescriptions are inappropriate, [3–5] and
broad spectrum antibiotics are more likely to be pre-
scribed than more narrowly targeted alternatives. [2]
Patient expectation has been thought to play a significant
role in the excess use of antibiotics. Although information
and reassurance may be as important to patients as receipt
of antibiotics, [6] perceived expectations do alter physician
behavior. [7, 8] Most physicians feel pressured to prescribe
when there is a patient expectation for antibiotics. [9] One
study demonstrated that patients expecting antibiotics
were three times more likely to receive them, and phy-
sicians were ten times more likely to prescribe if they
perceived that the patient expected antibiotics. [7] Further,
physicians often perceive these expectations in the
absence of verbal requests. [10]
To reduce antibiotic resistance and adverse effects for
patients, it is essential to reduce inappropriate antibiotic
use. The evolution of antibiotic resistance is multifactorial,
and there is no single intervention that can solve this
public health threat. However, evidence suggests that anti-
biotic stewardship programs can curtail excessive antibiotic
use, reduce antibiotic-associated events, decrease antibiotic
resistance, and improve patient outcomes. [11, 12] Im-
plementation of such programs requires education of the
public and partnership between patients and providers due
to concerns regarding patient satisfaction and the patient-
provider relationship. [13]
Various educational interventions have been imple-
mented with the goal of increasing antibiotic awareness.
The objective of this study was to systematically identify,
characterize, and evaluate the messaging approaches used
in these interventions. We were interested in inter-
ventions in the United States, specifically, for a variety of
reasons. For one, antibiotic use and resistance rates varies
widely between countries. [14] Further, the United States
lacks a unified health care system, potentially adding
barriers to the implementation of public health inter-
ventions. We included studies investigating interventions
directed at patients or the general public to analyze their
relevance in United States outpatient settings. Future
efforts to curtail inappropriate antibiotic use and ultimately
reduce antibiotic resistance can be improved by identifying
the features of successful interventions.
Methods
We included articles investigating a public campaign or
patient-directed messaging program to promote aware-
ness of appropriate antibiotic use within the United States.
Search strategy
We developed independent literature search strategies
for Pubmed, Google Scholar, Embase, CINAHL, and
Scopus. These search protocols utilized combinations of
relevant keywords or phrases appropriate for each data-
base regarding antibiotics, messaging, and public aware-
ness to retrieve articles published from January of 1996
through January of 2016 (Additional file 1: Appendix A).
Relevant search terms were identified using Pubmed
Medical Subject Headings (MeSH).
Selection
After initial retrieval, article abstracts were independently
coded by two investigators for eligibility based on prede-
fined inclusion criteria. Discordance was resolved by a
third investigator. To be included, the interventions must
have been conducted within the United States and had a
patient or public education aimed at enhancing antibiotic
awareness, including indications, risks, and/or importance
of usage according to instruction. Additionally, the study
must have formally evaluated the program in terms of
knowledge, attitudes, and/or beliefs; adherence to re-
commended treatment; resistance patterns; or prescribing
practices. Retrieved articles were assessed for inclusion
based on title and abstract, followed by full-text review.
To locate studies that may have been missed using the
search strategies, a secondary search was performed. We
retrieved all the references of the articles found in the
primary search. Three relevant review articles were also
inspected for educational interventions within the
United States. [15–17] Eligibility for inclusion was
assessed by two independent investigators on the basis
of title and abstract, followed by full text review (Fig. 1).
At the end of this process, 34 articles were included in
the analysis. [18–51]
Coding of intervention features
Selected articles were first classified according to study
design (Additional file 1: Appendix B). Randomized con-
trolled trials included both individual and group (cluster)
randomization. Next, educational interventions were
identified from all 34 articles. The articles overlapped in
the interventions that they analyzed. The 34 articles
evaluated 29 antibiotic communication interventions, as
different outcomes for 4 of the interventions were ana-
lyzed in separate articles (Additional file 1: Appendix C).
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The 29 interventions were codified by the targeted
audience, content of the messages, form of communi-
cation, and primary outcomes. Two investigators coded
the interventions’ features. A third investigator coded
interventions for which there were any discrepancies.
Target audience
Each intervention was coded for whether it targeted
adults generally, parents, children, and/or Spanish-
speaking persons.
Message content
Content was assessed by determining if the provided in-
formation: 1) covered appropriate use of antibiotics; 2)
covered risk of inappropriate use; or 3) relied on CDC
materials or principles. “Appropriate use” was defined as
either education about differences between viruses and
bacteria or the indications for antibiotics. “Risks of
inappropriate use” was defined as information regarding
possible antibiotic adverse events or antibiotic resistance.
Reliance on CDC included the stated use of CDC prin-
ciples or CDC employees in the development of materials
or the direct use of CDC materials.
Message distribution
Educational interventions were assessed for the following
location(s) of message distribution: emergency department,
outpatient clinical setting (office, clinic, urgent care), com-
munity setting, and/or personal residence. “Community
settings” was defined to include childcare centers, local
pharmacies, community fairs, restaurants, churches, and
schools. Messages distributed by public media, such
as television or radio, were classified under “commu-
nity site.” Correspondence mailed directly to specific
households was classified separately.
Form of communication
Educational messages were analyzed for their mode of
communication, including the use of print media (posters,
handouts), media directly mailed to individuals, public
media (radio, television, newspaper ads or stories, outdoor
advertising), video messaging, Short Message Service
(SMS) messaging, and/or presentations.
Outcomes
All outcomes targeted were coded within these categories:
patient or parent knowledge, attitude, and/or beliefs;
physician knowledge, attitude, and/or beliefs; antibiotic
prescribing; appropriateness of antibiotic prescriptions;
adherence to recommended treatment; drug resistance
patterns; drug costs and/or healthcare utilization. Out-
come effectiveness was reported as defined by the original
articles, and the percent effective was determined for both
Primary Search Secondary Search
Articles identified 
through database 
searches of Pubmed, 
GoogleScholar, 
Embase, CINAHL, and 
Scopus (n=714)
Articles identified 
through bibliographies 
of relevant review 
articles (n=10)
Retrieval of all 
references of full-text 
articles (n=20) 
assessed in primary 
search (unduplicated 
n=382) 
Records screened 
(n=714)
Eligible studies 
included (n=19)
Records excluded on 
the basis of 
title/abstract (n=694)
Records after removal of 
duplicates and articles assessed 
in primary search (n=373)
Full texts of articles 
assessed for eligibility 
(n=20)
Study excluded for 
occuring outside of the 
United States (n=1)
Records screened 
(n=373)
Records excluded on 
the basis of 
title/abstract (n=356)
Full texts of articles 
assessed for eligibility 
(n=17)
Studies excluded for 
occuring outside of the 
United States (n=2)
Eligible studies 
included (n=15)
Fig. 1 Application of primary and secondary search strategies to retrieve total number of studies for analysis
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the total number of studies as well as for randomized-
controlled trials alone.
Clinician education
If an intervention included messages for the medical
community, these messages were also characterized. We
coded for the presence or absence of messages targeting
physicians, nurses, physician assistants, and nurse prac-
titioners. Messaging content was described as risks of
inappropriate use; pathogen resistance surveillance data;
algorithms, pathways, and/or guidelines; audit and feed-
back; making use of CDC principles; and/or “cold kit”
distribution (supplies for symptomatic treatments of
viral illnesses). The location of distribution was similarly
described. Modes of message distribution were analyzed
for the use of computer-decision support, group sessions
or presentations, email, mailings, and/or continuing
medical education (CME).
Statistical analysis
Intervention characteristics were analyzed using descrip-
tive statistics.
Reliability of coding
Primary search
Interrater reliability for inclusion/exclusion of candidate
articles based on title and abstract using Cohen’s Kappa
was high (κ = 0.74 95% CI, 0.63 to 0.85); cases of discor-
dance were resolved by a third investigator. A full-text
review was then performed for final selection (κ = 1.0).
Secondary search
Articles localized via our secondary search strategy were
likewise assessed for further review based on title and
abstract (κ = 0.65 95% CI 0.45 to 0.85), and discordance
was resolved by a third investigator. Reviewers in-
dependently performed a full-text review of these articles
for final selection (κ = 1.0).
Results
Article study design
Fourteen of the 34 included articles (41%) were random-
ized controlled trials, the gold standard for intervention
effects. Another 18 articles were prospective studies
(53%). Of these non-randomized trials, 14 included a
comparison population to distinguish the intervention-
attributable effect from secular trends, while 4 studies
simply compared post- and pre-intervention measure-
ments. One study used multilevel logistical regression of
intercept interview data to analyze changes in knowledge
associated with the intervention. Lastly, one article used
reports from 3 separate organizations to describe changes
in antibiotic use, but no statistics were provided to
indicate the significance of these results.
Total educational interventions
The 29 educational interventions were stratified based
on primary audience, content of messages, location of
distribution, mode of communication, and outcomes
studied (Additional file 1: Appendix D).
Target audience
All 29 interventions aimed to educate adults, and the
majority (62%) specified parents as the primary target. In
total, 31% of studies included materials in the Spanish
language; only one exclusively targeted Latinos residing
the United States. [40]
Content of messages
Not all articles described the content of their materials.
However, the majority of interventions (83%) explicitly
specified educational messages regarding the appropriate
use of antibiotics, such as the difference between viruses
and bacteria and the specific illnesses for which anti-
biotics are indicated. Risks of inappropriate use, such as
antibiotic resistance and potential side effects, were also
commonly communicated (72%). Most interventions
noted the use of Center for Disease Control (CDC) prin-
ciples or materials (69%).
Setting/mode of distribution
Educational messages were distributed in a variety of set-
tings. On average, messages were distributed in 1.6 coded
locations per intervention (emergency department, office/
clinic/urgent care, community site, and/or personal resi-
dence). The majority of interventions distributed some or
all their content in an office or clinic setting (83%). A sub-
stantial proportion (41%) of the interventions distributed
messages within the community (community pharmacies,
child care centers, schools, etc.). Interventions used on
average 1.9 methods of communication (coded methods
included print media, mailed media, public media,
video message, SMS message, and presentations).
About a quarter of interventions used public media to
reach their audience. However, handouts and posters
were the most commonly used mode of distribution
(90% of interventions).
Outcomes
Interventions were varied in their desired outcomes, and
many had several major outcomes. Overall, 76% (22/29)
of interventions observed favorable changes for at least
one of the major outcomes studied.
Antibiotic prescription rates were most commonly
studied (22 of 29 interventions). This was often measured
by prescriptions per visit, prescriptions per visit for
respiratory illnesses, prescriptions per physician, or
prescriptions per person of community or health
organization. Of these interventions, 73% reported
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reductions in antibiotic prescribing. However, several
studies observed significant changes in antibiotic pres-
cribing that were attributable to secular trends. Thus,
Tables 1 and 2 summarize the trials that demonstrated
intervention-attributable prescription rate declines com-
pared to a control. Table 1 includes randomized controlled
trials, the gold standard of study designs. Randomized
controlled trials comprised only 7 of the 22 studies that
analyzed antibiotic prescribing (32%). Among randomized
controlled trials, 71% resulted in decreased antibiotic
prescribing compared to the control (5 of 7 interventions).
One of these studies [41] simply showed less of an
increase in antibiotic use compared to the control group,
however, and is thus not included in Table 1. Table 2
includes quasi experimental studies that were successful
compared to a control population.
Appropriateness of antibiotic prescribing was mea-
sured for three interventions. [22, 34, 45] Appropriate-
ness was assessed by increases in first line therapy, [22,
34] use of antibiotics in the “never indicated” category,
[45] and reductions in macrolide use. [34, 45] Significant
improvements in were reported for all 3 of the interven-
tions, though only one was a randomized-controlled
trial. [45]
Knowledge, attitudes, and/or beliefs of the non-
medical community were also commonly studied (10 in-
terventions). Surveys were used to measure knowledge
scores, expectations for treatment with antibiotics, or
sense of communication efficacy. Statistically significant
improvements in these measures were reported for 7 of
these interventions (70%). When restricting to random-
ized controlled trials (5 of the 10 interventions), 60%
showed statistically significant benefits. These studies
frequently stratified on health insurance status and
education level. Croft et al. found that the overall in-
crease in knowledge was attributable to college-educated
parents; there was no significant change in knowledge
scores for non-college graduates. [25] In contrast,
Trepka et al. found that higher education levels and
private insurance, associated with higher baseline know-
ledge scores, was not associated with greater improve-
ments in knowledge. [50] Bauchner et al., Huang et al.,
and Greene et al., found that participants who were less
well educated or had lower baseline knowledge scores
benefited the most from these interventions. [21, 33, 38]
Huang et al. reasoned that parents of Medicaid-insured
children, who started with lower baseline knowledge
scores, may have limited access to health education
and may therefore benefit the most from such inter-
ventions. [38]
Three interventions (10%) measured rates of penicillin
non-susceptible Streptococcus pneumoniae pre- and
post- intervention. [24, 36, 43] These studies were non-
randomized, prospective controlled trials. None of these
studies showed a lasting effect. Potential reasons pro-
vided for the lack of reductions in resistance included
limited sample size, [43] short follow-up time, [24, 36,
43] and a need for greater reductions in the antibiotic
prescribing rate than were evident for the population
studied. [24]
Cost savings were estimated for two interventions
(7%), [22, 30] attributed primarily to decreased prescrip-
tion drug use. Gonzales et al. estimated a 3.1 ratio of
health care savings to intervention costs. [30] However,
no controlled analyses were performed.
Interventions with provider education
While all interventions were required to have messages
to the non-medical community to be included in our
review, 19 of the 29 interventions (66%) additionally
included an educational intervention for the medical
community. These interventions are subanalyzed here.
Provider intervention characteristics
Target Audience Every intervention that included
messages for the medical community targeted physicians,
with some interventions also specifying nurses (11%),
physician assistants (16%), and nurse practitioners (21%).
Content of messages/mode of distribution Of the 19
interventions targeting health professionals, 42% of
included information about risks of inappropriate use.
The vast majority of interventions employed tools for
clinical decision making, such as algorithms, pathways,
and guidelines for antibiotic prescribing (90%). Other
commonly used methods were pathogen resistance
surveillance data (42%) and audit/feedback specific for
the physician or site (53%). CDC materials or principles
of judicious use were frequently used (58%), like the
non-medical community-only interventions. One inter-
vention included financial incentives for physicians. [34]
Setting/mode of distribution Most of the messages to
medical personnel were distributed in the office or clinic
setting (84%). The mode of distribution for these
messages included group sessions or presentations,
mailings, computer decision support systems, continuing
medical education, and email.
Patient/public intervention characteristics
Target audience All 19 interventions were directed to
parents, though one also catered to children. Seven
included information for Spanish speakers (37%).
Content Sixteen of these interventions included infor-
mation regarding appropriate use of antibiotics (84%).
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Twelve highlighted the risks of inappropriate use (63%).
Lastly, 15 noted the use of CDC principles (79%).
Setting/Mode of Distribution An average of 1.8 coded
settings were utilized for distribution of these messages
to the non-medical community. Most used the clinic or
office setting (95%). Nine also distributed materials in
community sites (47%). Seven interventions used direct
mail (37%). Only one used the emergency department
setting (5%). These interventions included an average of
1.9 coded modes of communication. These included
print media (90%), mailed media (42%), public media
(32%), presentations (26%), and videos (5%).
Outcomes
Antibiotic prescription rates were measured in all inter-
ventions that targeted both the medical and non-medical
community. Most of these interventions reported de-
creased antibiotic use following the intervention (84%).
Six of these interventions were randomized-controlled
trials, five of which were effective (83%). Samore et al.
compared a community-intervention alone to a commu-
nity intervention plus clinical decision support; the
community-only intervention had no significant impact
on antibiotic prescribing rates, while the combined inter-
ventions led to a significant decline. [45]
Knowledge, attitudes, and/or beliefs of the lay community
were analyzed in 3 of these interventions (16%), with 67%
reporting a positive effect. However, only 1 of these was a
randomized controlled trial; this trial was not effective.
Knowledge, attitude, and/or beliefs of the medical
community were analyzed in 2 of these interventions,
with one being effective (50%). However, the randomized
controlled trial was not effective.
Appropriateness of physician antibiotic choice was
analyzed in 3 of these interventions (16%), one of which
was a randomized controlled trial. All were effective.
Interventions without provider education
Of the 29 interventions, 10 were strictly public or patient
directed. The results specific to these interventions are
reported.
Intervention characteristics
Audience All primarily targeted adults. Two interven-
tions included materials for Spanish speakers (20%).
Content Most included information about appropriate
antibiotic use (80%) and risks of inappropriate use (90%).
Five interventions noted use of CDC content (50%)
Setting/mode of distribution An average of 1.2 coded
settings were used. The majority used the clinic or office
setting (60%). Other settings included community sites
(30%), the emergency department (20%), or personal resi-
dence (10%). These interventions included an average of
1.8 coded modes of distribution, including print media
(90%), video (40%), presentations (20%), public media
(10%), SMS messaging (10%), and direct mail (10%).
Outcomes
Knowledge, attitudes, and/or beliefs of the non-medical
community were most commonly studied (7 inter-
ventions). Of these, 5 were effective (71%). Four of these
interventions were randomized controlled trials, 3 of
which were effective (75%).
Prescription rates were measured for 3 of these inter-
ventions (30%). One of these was randomized controlled.
None of these were effective at reducing prescription rates.
Adherence to prescription was measured for one of
these interventions (10%). This was a randomized con-
trolled trial that was not effective.
Discussion
We found that most public messaging interventions
focused on educating parents of young children through
office-based posters and handouts, often produced by
the Centers for Disease Control and Prevention. Com-
mon rationale for catering to this audience included the
likely role of parental expectations in the high rates of
inappropriate antibiotic use in children. [18, 20, 21, 26,
27, 38, 46, 50] Caregiver emotions may also affect ad-
herence to practices such as watchful waiting aimed to
decrease unnecessary antibiotic use. [52] Finkelstein et al.
additionally explained that children may be at higher risk
for spreading resistant organisms and are thus are an
especially important population to target. [28]
Many interventions were multifaceted and distributed
educational materials within the community as well as
clinical sites. While we aimed to locate interventions
targeting the public, over half of the interventions also
included a clinician-education component. This was
accomplished primarily through prescribing guidelines,
audit and feedback of prescribing practices, and patho-
gen surveillance data, which were distributed through
group presentations and mailings. The risks of antibiotic
resistance were not as frequently communicated to the
medical community, likely due to assumed prior know-
ledge of this target audience. The majority of inter-
ventions observed at least one favorable outcome, and
improvements in antibiotic prescribing and patient
knowledge, attitudes, and/or beliefs were reported at
similar rates. When restricting our analysis to rando-
mized controlled trials, the majority of interventions
were still effective in their respective outcomes.
Thus, these interventions suggest that patient-directed
messages can influence patient attitudes, knowledge, and
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beliefs about antibiotics, which are important factors in
physician overprescribing. The success rate for this out-
come was similar for interventions with or without a
provider education component. Subanalyses included in
some of the campaign evaluations suggested that edu-
cational interventions may be best directed to the
Medicaid-insured and non-college graduates to amelio-
rate a lack of access to health education, although one
study found the opposite. [25]
Most studies that measured antibiotic prescribing
reported success. The addition of a clinician-directed
component may be imperative for this reduction in anti-
biotic use. Every intervention that resulted in decreased
antibiotic prescribing included a provider intervention.
This contrasted with only 3 interventions measuring
antibiotic prescribing that did not include a clinician
component, none of which were effective. However,
interventions that included clinician education were
generally more comprehensive, as evidenced by the
greater average number of settings and modes of dis-
tribution, which could explain that difference in rates of
success. Regardless, clinician education may be an effect-
ive way to spread antibiotic awareness among the commu-
nity indirectly. One international intervention evaluated
provider communication training and found it to be
effective in lowering antibiotic prescribing for both upper
and lower respiratory tract infections. [53] In this study,
physicians were provided internet-based training on
patient-centered communication. Thus, educating pro-
viders on how to educate patients may be a worthwhile
strategy for future antibiotic stewardship campaigns.
It is unclear whether these observed changes in anti-
biotic prescribing are influencing antibiotic resistance
rates. One study measured short-term decreases in
Streptococcal pneumoniae rates, but these changes were
not sustained. [36] Longitudinal studies are likely re-
quired to verify changes in susceptibility patterns in re-
sponse to lay person-centered educational interventions.
The measured changes in prescription drug use have
the potential to streamline the spending of limited
healthcare funds. However, costs were not commonly
studied in the analyses of these interventions, represen-
ting a general gap of knowledge that could motivate
future implementation of similar programs.
Limitations
This systematic review has several strengths, including a
rigorous search strategy developed with the assistance of
a reference librarian and a highly reliable classification
scheme. However, our review has several limitations. It
is possible that relevant interventions were missed,
though the assistance of a trained librarian in the forma-
tion of our search strategy, as well as our secondary
search of all references, likely reduced this probability.
Secondly, meta-analysis of intervention effectiveness was
not performed due to heterogeneity among the inter-
ventions in terms of audience, messages, delivery, and out-
comes. Additionally, some retrieved articles did not
describe the content of the educational materials in much
detail; various interventions likely included messages
about appropriate antibiotic use and risks of antibiotic
overuse that were not included in the calculations. Thus,
the descriptive statistics for these measures likely re-
present an underestimate. Further, the effectiveness of
educational interventions reported here is dependent
on the quality of the included articles. For example,
some quasi experimental studies may have poorly-
matched comparison groups, though we hoped to
ameliorate this by reporting descriptive statistics for
the subset of randomized-controlled trials. Publication
bias could also lead to the overestimation of educa-
tional intervention effectiveness.
Conclusion
With increasing antimicrobial resistance, stimulated in part
by overuse of antibiotics in healthcare settings, changing
the beliefs and actions of both the lay and the medical
communities is important. Previous educational programs
and public messaging campaigns have resulted in substan-
tial declines in antibiotic use and should be used as models
for succeeding efforts to curb inappropriate antibiotic use
and subsequent antibiotic resistance. Future interventions
should consider both the lay and medical communities,
and target appropriate use as well as potential adverse
effects of antibiotics. Furthermore, a multifaceted approach
may be most effective in changing patient perspectives and
reducing antibiotic prescribing. Resources from the Centers
for Disease Control and Prevention appear to be an effect-
ive and easily-implemented way to inform the lay com-
munity. Among the most effective campaigns, clinician
decision-making tools and prescribing profiles are com-
monly employed. These methods have demonstrated the
ability to reduce antibiotic prescribing both within indivi-
dual healthcare organizations as well as community wide.
While existing research is limited, our systematic review
provides evidence that patient-directed messaging is suffi-
cient to change antibiotic-related knowledge, attitudes,
and/or beliefs. It has not yet been shown whether these
changes in perspectives can affect antibiotic prescribing in
the absence of medical provider intervention. Given that
the most impactful campaigns have included a clinician
outreach component, more research is needed to de-
termine how we can best integrate the public awareness
and clinician activation strategies in future campaigns. In
addition, further research is also needed to evaluate
whether the observed changes in antibiotic prescribing are
sufficient to impact antibiotic susceptibility long-term.
Burstein et al. BMC Public Health          (2019) 19:899 Page 9 of 11
Additional file
Additional file 1: Appendices A-D. Appendix A delineates the
individualized search strategies for PubMed, Google Scholar, Embase,
CINAHL, and Scopus. Appendix B includes article localization and article
study design. Appendix C lists the antibiotic educational interventions
and their associated articles. Appendix D is a table of coded intervention
characteristics. (DOCX 141 kb)
Abbreviations
CDC: Centers for Disease Control and Prevention; CME: Continuing Medical
Education; KAB: Knowledge, attitude, and/or beliefs; SMS: Short Message Service
Acknowledgements
We acknowledge the assistance of Amy Studer, a UC Davis Health & Life
Science Librarian, in the retrieval of articles for this review.
Authors’ contributions
VB conceived the study, acquired data, reviewed articles for inclusion, analyzed
data, and was a major contributor in the writing of the article. RT interpreted
data and contributed to the writing of the article. RK contributed to study
design, analyzed and interpreted data, and revised the article for important
intellectual content. RB contributed to study design, analyzed and interpreted
data, and revised the article for important intellectual content. DV acquired
data, reviewed articles for inclusion, and revised the article for important
intellectual content. LM conceived study and revised the article for important
intellectual content. All authors read and approved the final manuscript.
Funding
No funding to report.
Availability of data and materials
All data generated or analyzed during this study are included in this published
article and its supplementary information files.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1Ohio State University College of Medicine, Columbus, OH, USA. 2University
of California Davis, Davis, CA, USA. 3University of California Davis, Sacramento,
CA, USA. 4The George Washington University School of Medicine & Health
Sciences, Washington, DC, USA.
Received: 17 March 2019 Accepted: 28 June 2019
References
1. Center for Disease Control and Prevention. Antibiotic resistance threats in
the United States, 2013. https://www.cdc.gov/drugresistance/threat-report-2
013/pdf/ar-threats-2013-508.pdf. Accessed 4 July 2019.
2. Shapiro DJ, Hicks LA, Pavia AT, Hersh AL. Antibiotic prescribing for
adults in ambulatory care in the USA, 2007-09. J Antimicrob
Chemother. 2014;69(1):234–40.
3. Gonzales R, Malone DC, Maselli JH, Sande MA. Excessive antibiotic use
for acute respiratory infections in the United States. Clin Infect Dis.
2001;33(6):757–62.
4. Gonzales R, Steiner JF, Sande MA. Antibiotic prescribing for adults with
colds, upper respiratory tract infections, and bronchitis by ambulatory care
physicians. JAMA. 1997;278(11):901–4.
5. Nyquist AC, Gonzales R, Steiner JF, Sande MA. Antibiotic prescribing for
children with colds, upper respiratory tract infections, and bronchitis. JAMA.
1998;279(11):875–7.
6. Welschen I, Kuyvenhoven M, Hoes A, Verheij T. Antibiotics for acute
respiratory tract symptoms: patients' expectations, GPs' management and
patient satisfaction. Fam Pract. 2004;21(3):234–7.
7. Cockburn J, Pit S. Prescribing behaviour in clinical practice: patients'
expectations and doctors' perceptions of patients' expectations--a
questionnaire study. BMJ. 1997;315(7107):520–3.
8. Macfarlane J, Holmes W, Macfarlane R, Britten N. Influence of patients'
expectations on antibiotic management of acute lower respiratory tract
illness in general practice: questionnaire study. BMJ. 1997;315(7117):1211–4.
9. Al-Homaidan HT, Barrimah IE. Physicians' knowledge, expectations, and
practice regarding antibiotic use in primary health care. Int J Health Sci
(Qassim). 2018;12(3):18–24.
10. Mangione-Smith R, McGlynn EA, Elliott MN, McDonald L, Franz CE, Kravitz
RL. Parent expectations for antibiotics, physician-parent communication,
and satisfaction. Arch Pediatr Adolesc Med. 2001;155(7):800–6.
11. Yong MK, Buising KL, Cheng AC, Thursky KA. Improved susceptibility of
gram-negative bacteria in an intensive care unit following implementation
of a computerized antibiotic decision support system. J Antimicrob
Chemother. 2010;65(5):1062–9.
12. Fridkin SK, Srinivasan A. Implementing a strategy for monitoring
inpatient antimicrobial use among hospitals in the United States. Clin
Infect Dis. 2014;58(3):401–6.
13. May L, Gudger G, Armstrong P, Brooks G, Hinds P, Bhat R, Moran GJ,
Schwartz L, Cosgrove SE, Klein EY, et al. Multisite exploration of clinical
decision making for antibiotic use by emergency medicine providers
using quantitative and qualitative methods. Infect Control Hosp
Epidemiol. 2014;35(9):1114–25.
14. World Health Organization. Wide difference in antibiotic use between
countries, according to new data from WHO. https://www.who.int/
medicines/areas/rational_use/oms-amr-amc-report-2016-2018-media-note/
en/. Accessed 4 July 2019.
15. Weissman J, Besser RE. Promoting appropriate antibiotic use for pediatric
patients: a social ecological framework. Semin Pediatr Infect Dis. 2004;15(1):41–51.
16. Finch RG, Metlay JP, Davey PG, Baker LJ, International Forum on Antibiotic
Resistance c. Educational interventions to improve antibiotic use in the
community: report from the international forum on antibiotic resistance
(IFAR) colloquium, 2002. Lancet Infect Dis. 2004;4(1):44–53.
17. Huttner B, Goossens H, Verheij T, Harbarth S, Consortium C.
Characteristics and outcomes of public campaigns aimed at improving
the use of antibiotics in outpatients in high-income countries. Lancet
Infect Dis. 2010;10(1):17–31.
18. SCea A. Reducing parental demand for antibiotics by promoting
communication skills. Am J Health Educ. 2005;36(3):132–9.
19. SCea A. Community intervention model to reduce inappropriate antibiotic
use. Am J Health Educ. 2010;41(1):20–8.
20. Ashe D, Patrick PA, Stempel MM, Shi Q, Brand DA. Educational posters to
reduce antibiotic use. J Pediatr Health Care. 2006;20(3):192–7.
21. Bauchner H, Osganian S, Smith K, Triant R. Improving parent knowledge
about antibiotics: a video intervention. Pediatrics. 2001;108(4):845–50.
22. Bell N. Antibiotic resistance: the Iowa experience. Am J Manag Care.
2002;8(11):988–94.
23. Belongia EA, Knobloch MJ, Kieke BA, Davis JP, Janette C, Besser RE. Impact
of statewide program to promote appropriate antimicrobial drug use.
Emerg Infect Dis. 2005;11(6):912–20.
24. Belongia EA, Sullivan BJ, Chyou PH, Madagame E, Reed KD, Schwartz B. A
community intervention trial to promote judicious antibiotic use and
reduce penicillin-resistant Streptococcus pneumoniae carriage in children.
Pediatrics. 2001;108(3):575–83.
25. Croft DR, Knobloch MJ, Chyou PH, Ellen DV, Janette C, Davis JP, Besser RE,
Belongia EA. Impact of a child care educational intervention on parent
knowledge about appropriate antibiotic use. WMJ. 2007;106(2):78–84.
26. Doyne EO, Alfaro MP, Siegel RM, Atherton HD, Schoettker PJ, Bernier J,
Kotagal UR. A randomized controlled trial to change antibiotic prescribing
patterns in a community. Arch Pediatr Adolesc Med. 2004;158(6):577–83.
27. Finkelstein JA, Davis RL, Dowell SF, Metlay JP, Soumerai SB, Rifas-Shiman SL,
Higham M, Miller Z, Miroshnik I, Pedan A, et al. Reducing antibiotic use in
children: a randomized trial in 12 practices. Pediatrics. 2001;108(1):1–7.
28. Finkelstein JA, Huang SS, Kleinman K, Rifas-Shiman SL, Stille CJ, Daniel J,
Schiff N, Steingard R, Soumerai SB, Ross-Degnan D, et al. Impact of a 16-
community trial to promote judicious antibiotic use in Massachusetts.
Pediatrics. 2008;121(1):e15–23.
Burstein et al. BMC Public Health          (2019) 19:899 Page 10 of 11
29. Gonzales R, Corbett KK, Leeman-Castillo BA, Glazner J, Erbacher K, Darr CA,
Wong S, Maselli JH, Sauaia A, Kafadar K. The "minimizing antibiotic
resistance in Colorado" project: impact of patient education in improving
antibiotic use in private office practices. Health Serv Res. 2005;40(1):101–16.
30. Gonzales R, Corbett KK, Wong S, Glazner JE, Deas A, Leeman-Castillo B,
Maselli JH, Sebert-Kuhlmann A, Wigton RS, Flores E, et al. "Get smart
Colorado": impact of a mass media campaign to improve community
antibiotic use. Med Care. 2008;46(6):597–605.
31. Gonzales R, Sauaia A, Corbett KK, Maselli JH, Erbacher K, Leeman-Castillo BA,
Darr CA, Houck PM. Antibiotic treatment of acute respiratory tract infections
in the elderly: effect of a multidimensional educational intervention. J Am
Geriatr Soc. 2004;52(1):39–45.
32. Gonzales R, Steiner JF, Lum A, Barrett PH Jr. Decreasing antibiotic use in
ambulatory practice: impact of a multidimensional intervention on the treatment
of uncomplicated acute bronchitis in adults. JAMA. 1999;281(16):1512–9.
33. Greene JB, Dolder C, Wallis ML. The NC Tars Project: students leading the
way to educate patients about proper use of antibiotics. J Am Pharm Assoc.
2003;51(4):539–43 531 p following 543.
34. Greene RA, Beckman H, Chamberlain J, Partridge G, Miller M, Burden D, Kerr
J. Increasing adherence to a community-based guideline for acute sinusitis
through education, physician profiling, and financial incentives. Am J
Manag Care. 2004;10(10):670–8.
35. Harris RH, MacKenzie TD, Leeman-Castillo B, Corbett KK, Batal HA, Maselli JH,
Gonzales R. Optimizing antibiotic prescribing for acute respiratory tract
infections in an urban urgent care clinic. J Gen Intern Med. 2003;18(5):326–34.
36. Hennessy TW, Petersen KM, Bruden D, Parkinson AJ, Hurlburt D, Getty M,
Schwartz B, Butler JC. Changes in antibiotic-prescribing practices and
carriage of penicillin-resistant Streptococcus pneumoniae: a controlled
intervention trial in rural Alaska. Clin Infect Dis. 2002;34(12):1543–50.
37. Hickman DE, Stebbins MR, Hanak JR, Guglielmo BJ. Pharmacy-based
intervention to reduce antibiotic use for acute bronchitis. Ann
Pharmacother. 2003;37(2):187–91.
38. Huang SS, Rifas-Shiman SL, Kleinman K, Kotch J, Schiff N, Stille CJ,
Steingard R, Finkelstein JA. Parental knowledge about antibiotic use:
results of a cluster-randomized, multicommunity intervention. Pediatrics.
2007;119(4):698–706.
39. Kiang KM, Kieke BA, Como-Sabetti K, Lynfield R, Besser RE, Belongia EA.
Clinician knowledge and beliefs after statewide program to promote
appropriate antimicrobial drug use. Emerg Infect Dis. 2005;11(6):904–11.
40. Mainous AG 3rd, Diaz VA, Carnemolla M. A community intervention to
decrease antibiotics used for self-medication among Latino adults. Ann Fam
Med. 2009;7(6):520–6.
41. Mainous AG 3rd, Hueston WJ, Love MM, Evans ME, Finger R. An evaluation of
statewide strategies to reduce antibiotic overuse. Fam Med. 2000;32(1):22–9.
42. Metlay JP, Camargo CA Jr, MacKenzie T, McCulloch C, Maselli J, Levin SK,
Kersey A, Gonzales R, Investigators I. Cluster-randomized trial to improve
antibiotic use for adults with acute respiratory infections treated in
emergency departments. Ann Emerg Med. 2007;50(3):221–30.
43. Perz JF, Craig AS, Coffey CS, Jorgensen DM, Mitchel E, Hall S, Schaffner W,
Griffin MR. Changes in antibiotic prescribing for children after a community-
wide campaign. JAMA. 2002;287(23):3103–9.
44. Rubin MA, Bateman K, Alder S, Donnelly S, Stoddard GJ, Samore MH. A
multifaceted intervention to improve antimicrobial prescribing for upper
respiratory tract infections in a small rural community. Clin Infect Dis.
2005;40(4):546–53.
45. Samore MH, Bateman K, Alder SC, Hannah E, Donnelly S, Stoddard GJ,
Haddadin B, Rubin MA, Williamson J, Stults B, et al. Clinical decision support
and appropriateness of antimicrobial prescribing: a randomized trial. JAMA.
2005;294(18):2305–14.
46. Schnellinger M, Finkelstein M, Thygeson MV, Vander Velden H, Karpas A,
Madhok M. Animated video vs pamphlet: comparing the success of
educating parents about proper antibiotic use. Pediatrics. 2010;125(5):990–6.
47. Stille CJ, Rifas-Shiman SL, Kleinman K, Kotch JB, Finkelstein JA. Physician
responses to a community-level trial promoting judicious antibiotic use.
Ann Fam Med. 2008;6(3):206–12.
48. Suffoletto B, Calabria J, Ross A, Callaway C, Yealy DM. A mobile phone text
message program to measure oral antibiotic use and provide feedback on
adherence to patients discharged from the emergency department. Acad
Emerg Med. 2012;19(8):949–58.
49. Taylor JA, Kwan-Gett TS, EM MM Jr. Effectiveness of a parental educational
intervention in reducing antibiotic use in children: a randomized controlled
trial. Pediatr Infect Dis J. 2005;24(6):489–93.
50. Trepka MJ, Belongia EA, Chyou PH, Davis JP, Schwartz B. The effect of a
community intervention trial on parental knowledge and awareness of
antibiotic resistance and appropriate antibiotic use in children. Pediatrics.
2001;107(1):E6.
51. Wheeler JG, Fair M, Simpson PM, Rowlands LA, Aitken ME, Jacobs RF.
Impact of a waiting room videotape message on parent attitudes toward
pediatric antibiotic use. Pediatrics. 2001;108(3):591–6.
52. Kim Y, Dillard JP, Smith RA. Communicating antibiotic stewardship:
emotional responses and their impact on adherence. Health Commun.
2019:1–11. https://doi.org/10.1080/10410236.2019.1598615. Epub ahead of
print.
53. Little P, Stuart B, Francis N, Douglas E, Tonkin-Crine S, Anthierens S, Cals
JWL, Melbye H, Santer M, Moore M, et al. Antibiotic prescribing for acute
respiratory tract infections 12 months after communication and CRP
training: a randomized trial. Ann Fam Med. 2019;17(2):125–32.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Burstein et al. BMC Public Health          (2019) 19:899 Page 11 of 11
